Mass spectrometry imaging (MSI) methods offer the ability to gain both chemical and spatial information from biological samples of interest. In particular, matrix-enhanced laser desorption/ionization (MALDI) MSI facilitates detection of a variety of intact biomolecular species (e.g., lipids, peptides, and proteins) with spatial resolution regularly < 20 µm [1] . When analyzing complex systems, like biological samples, the need for high mass spectral resolution and high mass accuracy measurements to correctly identify and map molecules of interest is warranted. Fourier transform ion cyclotron resonance (FTICR) MS offers the highest mass resolving power and mass accuracy of any mass analyzer and has demonstrated greatly enhanced MSI performance [2] . Here, we will demonstrate the advancements our lab has made in MALDI MSI. In particular, we focus on characterizing the interactions of Eumycete fungi, key organisms in carbon degradation within the environment. We also explore new sample preparation methods and data analysis workflows.
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The advantages of using high performance mass spectrometers for studying biological material is illustrated in Fig. 1A , where many more spectral features can be resolved using FTICR verses more traditional MS (ToF) [2] . However, to attain unequivocal identification of detected molecules, tandem mass spectrometry must be used in conjunction with high performance mass spectrometers. We have equipped our high magnetic field (15T) FTICR-MALDI MS (SolariX, Bruker) with a UV laser (193 nm, ArF excimer, Coherent ExciStar XS) for UV photodissocation of selected ions within our ICR analyzer cell. Fig. 1B demonstrates the tandem MS capabilities of this method, where we observe a more comprehensive fragmentation of a lactosylceramide (LacCer) molecule than conventional tandem MS approaches.
Sample preparation of agar-based microbial samples has been a significant limitation to MSI of microbial communities with MALDI, with only minor improvements being reported to the method the Dorrestein Research Group developed [3] . This basic method entails dry application of the matrix onto the hydrated agar sample by using a sieve, followed by agar dehydration to form a crystalline surface ready for MALDI analysis. We have explored a series of other agar conditions, sample adhesion, and matrix applications routes to advance the ability of MALDI MSI for imaging microbial communities inculcated on agar. In this we have also investigated the use of a robotic sprayer (TM-Sprayer, HTX Imaging) for matrix application in attempt to make highly homogenous, reproducible matrix films, while maximizing analyte extraction into the matrix crystal.
Finally, the complexity and size of high mass resolution MSI data presents challenges in data processing. Opening and caching MSI files that are typically tens to hundreds of gigabytes in size, generating peak list with sufficiently tight tolerances of hundreds of peaks, and elucidating biological signatures of interest can be extremely challenging. We have been utilizing an advanced MSI processing software (SCiLS Lab), previously developed for ToF MSI workflows, for spatial characterization of detected molecules from microbial samples [4, 5] . 
